It is generally believed that significant delay in administering antibiotics in severely septic patients and those with septic shock increases mortality. However, most studies were retrospective and/or of questionable design. Moreover, the starting times from which delays were measured varied and often seemed somewhat amorphous. We assessed the duration of time between antibiotics being ordered and first administered among patients with newly diagnosed septic shock in a Saudi intensive care unit (ICU), and its effects on 30-day mortality and the rate of major complications. We also sought to identify any time threshold at which the mortality rate clearly increased.
INTRODUCTION
Every year, sepsis is diagnosed in up to three million US residents and a minimum of 18 million people worldwide. [1] [2] [3] Overall mortality rates vary, but can reach 30-50%, especially among those diagnosed with septic shock. [3] [4] [5] al., as a major concern limiting conclusions on the impact of antibiotic timing on survival. 13 In the only prospective study of the four suggesting delay thresholds, Gaieski et al. assessed 261 patients with severe sepsis or septic shock admitted through the emergency department, from 2005 through 2006, and identified a significantly-reduced rate of mortality (19.5 vs. 33.2%; odds ratio, 0.30; p = 0.02) among patients started on appropriate antibiotics within one hour of qualification for early goal-directed therapy versus afterwards. 14 Despite the prospective nature of this study, it was small, indicating a need for subsequent prospective studies addressing the same issue.
The current study addresses this issue of insufficient prospective data on antibiotic initiation delays, focusing on a very practical issue: specifically addressing the duration of time between antibiotics first being ordered and first being administered. Specific goals were (1) to the range of delay between first antibiotic orders and administration among septic shock patients in the intensive care unit (ICU) of a major tertiary care center in Saudi Arabia; (2) to identify any impact of delay on outcomes: specifically, on ICU survival and the number of major complications (e.g., acute lung or kidney injury); and (3) to identify the time threshold at which further delays in antibiotic administration impact these outcomes.
MOTHODOLOGY
Prior to data collection, the study protocol was approved by the institution's ethics review board for research and is in full compliance with the second edition of the Declaration of Helsinki.
All patients were referred to the Intensive Care Unit (ICU) at King Abdulaziz University Hospital in Jeddah for treatment of septic shock over the fourteen months between 1 December 2015 and 31 January 2017. For the purposes of the current analysis, septic shock was defined as in the 'Third International Consensus Definitions for Sepsis and Septic Shock'. They defined septic shock as "a subtype of sepsis in which underlying circulatory and cellular/ metabolic abnormalities are profound enough to substantially increase mortality". 5 Patients recruited early prior to publication of these consensus definitions, who did not meet the criteria for septic shock, were excluded from further analysis and will not be mentioned further in this paper.
The inclusion criteria included; diagnosis with septic shock (according to the latest definition on 2016), with age ≥14 y, did not have previous culture, not on antibiotics at the time of recruitment and ordered antibiotics within 24 h of the diagnosis of septic Initiating antibiotics early is considered crucial to reducing mortality rates in sepsis patients, with or without septic shock, with many arguing that delays beyond one to two hours -after identifying sepsis and collecting appropriate culture samplesincrease mortality. 4, 9, 10 This recommendation appears to stem largely from four published papers. In 2014, Ferrer et al. performed a retrospective analysis of extracted data, for the period of January 2005 through February 2010, from 165 intensive care units (ICUs) across Europe, the United States (US), and South America. 4 Across the 165 centers, 28,150 patients met the criteria for either severe sepsis or septic shock, among which, 17,990 had received antibiotics after sepsis was identified. These investigators identified a statistically-significant increase in the probability of death associated with the number of hours of delay for first antibiotic administration, with in-hospital mortality rising steadily beyond a onehour delay, when adjusted for sepsis severity, route of admission to the ICU (via the emergency department vs. ward vs. another ICU), and geographic region, and independent of the number of organ systems in failure. Earlier, Kumar et al. published the results of their retrospective cohort study, performed from 1989 to 2004, of 14 ICUs and ten hospitals (4 academic, 6 community hospitals) in Canada and the US and, among 2,154 septic shock patients who received effective antimicrobial therapy only after the onset of recurrent or persistent hypotension, a strong relationship between the delay in effective antimicrobial initiation and in-hospital mortality was noted [adjusted odds ratio 1.12 (per hour delay), p < .0001], with each hour of delay in antimicrobial administration beyond one hour decreasing survival by a mean 7.6% over the ensuing six hours. 11 In this population, the median time to effective antimicrobial therapy was six hours.
In another retrospective study that incorporated 6 hospitals and 45 clinics within a single US healthcare system, for which data from January 2011 through July 2015 were extracted, Pruinelli et al. sought to determine the time-delay threshold for completion of each of the four Surviving Sepsis Campaign guidelines. 10, 12 These guidelines include; 1) obtaining pre-antibiotic blood culture; 2) obtaining a serum lactate level; 3) administering broad-spectrum antibiotics; and 4) administering 30 mL/kg of crystalloid fluid for hypotension -after which mortality rates increased. Statistically significant threshold times for these four recommendations were: 20 min for obtaining a serum lactate sample; 50 min for obtaining blood cultures; 100 min for administering crystalloids; and 125 min for initiating broad-spectrum antibiotic therapy. The lack of randomized or prospective studies addressing the timing of antibiotic initiation was mentioned in their Cochrane Database Systematic review by Siddiqui et shock. Such patients were followed for 30 days, or till ICU discharge or death, whichever was sooner.
Patient eligibility for the study was determined by the study team at the time of their admission to the ICU, with all subsequent data either recorded electronically or using a pre-determined data-collection form.
Patients received standard care for septic shock and sepsis, which included the use of vasopressors if indicated; fluid resuscitation; supplemental oxygen; mechanical ventilation if indicated; and the empirical administration of antibiotics. The choice of all treatments was left to the treating team, in response to each patient's individual clinical picture. Standard monitoring included constant monitoring of vital signs, fluid intake and urine output, and regular monitoring of mental status. Standard laboratory investigations included at least daily blood samples to measure serum electrolytes, lactate, creatinine, liver function tests, cell counts, and any other lab tests or imaging deemed relevant to the individual case.
Antibiotic was chosen according to the international and national guidelines, depending upon the site of infection, hemodynamic instability, comorbidities and risk factors for the patient presenting with septic shock. All septic shock patients were assessed for their response to antibiotic administration according to their age, comorbidities, SOFA score, complications related to septic shock e.g. acute lung, liver or kidney injuries.
Data of specific interest included age, gender and nationality/race, height, weight, calculated body mass index (BMI), route of admission to the ICU, any comorbid conditions, the time and date when sepsis was diagnosed, the time and date when antibiotics were first ordered, the time and date when the first dose of antibiotic was administered, the anatomical site and established source of infection (e.g., respiratory tract, urinary tract, skin etc.), clinical tests, culture and sensitivity results and their source, other treatments administered, and various clinical outcomes, including various complications of sepsis -like acute lung and renal injury, need for dialysis or mechanical ventilation -a scientifically-validated general measure of clinical status (SOFA score, see below), and the patient's final disposal (e.g., death, continued hospitalization in the ICU or post-ICU ward, or discharge home).
As a measure of general clinical status, on ICU day #1 (the day of admission) and ICU day #3, each surviving patient's SOFA (Sepsis-related Organ Failure Assessment) score was calculated. 15
Statistical analysis:
Prior to any data analysis, all data were screened for outliers and data errors, which were corrected. Continuous variables were summarized as means with ranges, while categorical variables were categorized as proportions. For inter-group comparisons involving two groups, continuous variables were compared by Student's t-tests when the data was normally distributed, and by Wilcoxen rank sums tests when not normally distributed. When three or more patient groups were compared, analysis of variance (ANOVA), with or without a conservative adjustment of degrees of freedom, was used, again depending on whether the data were parametric or non-parametric. Inter-group comparisons for all categorical variables, whether nominal or ordinal, were compared by Pearson χ2 analysis or Fisher's exact test, depending on the number of subjects per cell.
All tests were two-tailed, with p ≤ 0.05 set as the criterion for statistical significance, and 0.51 < p ≤ 0.10 set as the criterion for borderline significance. All analyses were performed using the statistical software program SPSS, version 24.
RESULTS
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Characteristics of the overall sample
A total of 96 patients met the selection criteria for the current analysis, for which the most pertinent demographic and baseline clinical data are summarized in Table 1 .
Note that almost 60% of the sample (59.4%) was age 60 or older, almost 80% was of Arab descent (79.2%), and more than 60% (61.5%) were either overweight or obese. Almost all (94%) had at least one co-morbid condition, the most common being cardiovascular disease, including hypertension (66%), and diabetes mellitus (62%). Immunosuppression was rare (just 2 of 96 patients) and cancer relatively uncommon (4%). One patient in eight was bedridden prior to their admission to our ICU. In addition, 70% of the patients were admitted to the ICU via the emergency room, while 28% were transferred from either a medical or a surgical service. The mean ICU day #1 SOFA score was 9.38, with scores ranging from 2 to 17.
Roughly, one of five patients (18.8%) remained culture negative. Of the remainder, gram-negative cultures were almost three times as common as gram positive, with roughly 20% of patients growing at least one of each. The percentage of patients with each cultured organism is provided in Table 2 .
Antibiotic resistance was very common amongst E. coli, with almost seven in ten E. coli cultures extended-spectrum beta-lactamase (ESBL) positive. Staph aureus was methicillin-resistant (MRSA) in 40% of cultures. The detailed results of culture / sensitivity tests are given in Table 3 . Table  4 , so they are not shown.
Comparing time-delay thresholds
In terms of mortality within the ICU, only one comparison revealed a statistically-significant and clinically-significant result, that being the comparison of patients in whom the delay to antibiotic administration was 5 h or less vs. 5 h (χ2 = 4.95, df 1, p = 0.03). A clear rise in mortality rate is evident beyond five hours of delay in Figure 1 . This rise remains graphically evident in Figure 2 , where only patients who died in the ICU and patients discharged from the ICU were included in analysis, thereby adjusting for those remaining in either our ICU or another critical care unit beyond 30 days of follow-up, who might die in the ICU later. Note that only one in nine patients with a time-delay beyond 5 h survived and was discharged from the ICU over 30 days of follow-up, versus almost one in two of those with a time-delay of ≤ 5 h. However, this difference failed to achieve even borderline statistical significance (p = 0.13).
No inter-group comparison relating to the rate of four major complications -acute kidney injury, requirement for dialysis, acute lung injury, and required mechanical ventilation -yielded a significant result, though the rate of acute kidney injury was borderline higher in patients with a timeto-antibiotics time > 1 h versus their counterparts (χ2 = 3.26, df 1, p = 0.07). 
DISCUSSION
We assessed a very specific and highly practical question, in response to our own hospital's decision, based on published guidelines, to have broadspectrum antibiotics immediately available in our ICU, as much as possible. The specific question was "Is there a time-threshold between ordering and administering antibiotics, which starts to impact patient survival, specifically in patients with septic shock?" This question differs in some ways and, we feel, is much more specific than the questions about time-to-antibiotic-administration that generally had been adopted for other studies, including those which Sherwin et al. analyzed together. 9 One way in which our study differs from several of the others, relates to the decision we made based upon published Surviving Sepsis guidelines, to have broadspectrum antibiotics generally on-hand in the ICU for rapid administration. 10 This decision led to 24 of our 96 patients having empirical antibiotics started within one minute of being ordered, 45 of 96 within 15 min, 60 within one hour, and 68 (71%) within 2 h. The median time-to-antibiotic administration across our 96 patients was 22 min. This low median value contrasts considerably with the much longer median times-to-antibioticadministration of roughly 2, 2, 3, 5 and 6 h in the studies conducted by other researchers. 11, 14, [16] [17] [18] All these studies were included in the systematic review published by Sherwin et al. 9 Another way in which our study might have differed from other studies relates to the concrete and easily-documented nature of the 'zero point' from which the time-to-antibiotic administration was calculated. This time, when each order is written, is systematically documented in the chart. This zero time point likely is much more reliable, and likely more consistently and clearly documented than, for example, 11, 14, 17, 19, 20 Of the eight studies systematically evaluated by Sherwin et al. 9 for the impact of time to antibiotic administration on survival, the review authors claimed evidence supporting some impact of time in all but one, though the extent and conditions of that impact varied considerably. 9, 18 For example, in the study conducted by Jalilli et al., an impact of time only was apparent in the sickest patients with an APACHE score of 21 or higher. 16 In the only randomized clinical trial, it was not the time duration to antibiotic administration, but whether or not the first dose of antibiotic was given before versus after the patient developed septic shock, which predicted survival. 20 And in one of only three prospective cohort studies -two of which were considered methodologically poor and the other merely adequate -delay to antibiotic administration only affected survival beyond six hours. 16, 17, 19 Our results were similar to this last, Norwegian study, in that we only identified an impact of time when the delay to antibiotic administration stretched beyond five hours. 17 In fact, though not a statistically significant trend, there was a slow but steady decline in mortality rates from 'immediate' antibiotic administration (i.e., within one minute of the order being written; mortality rate ~60%) through to 5 h delay (mortality rate 44%). One potential explanation for this could relate to a further difference between first dose of antibiotic and outcomes in septic shock our study and the others cited by Sherwin, which is that we only analyzed patients in whom a diagnosis of septic shock had already been made, using current published guidelines. 5 In such patients, as by Pruinelli et al. other steps might have greater priority in septic shock patients, like the administration of crystalloids to expand plasma volume and at least partially reverse severe hypotension, measuring serum lactate levels, and obtaining appropriate culture samples. 12 In addition to identifying no increase in mortality until beyond f h delay, we also identified no impact of time to antibiotics on the likelihood of acute lung or kidney injury, or on the need for dialysis or mechanical ventilation. To some extent, we must admit that such analysis is inherently difficult, given that some patients already were being dialyzed or were being mechanically ventilated prior to the recognition of septic shock.
LIMITATIONS
The most notable limitation of the current study is clearly its relatively small size, in terms of patient numbers. On the other hand, it was prospective, and prospectively collected data is virtually always preferable, for a variety of reasons that include data completeness and a priori adjustments for potential confounders.
We only looked at ICU and not in-hospital mortality.
This was a conscious decision, since of the 96 patients e n t e r e d into the study, six remained as patients in our ICU, and 13 had been transferred to other units (e.g., surgical intensive care) and remained there beyond the 30day observation limit of our study. To adjust for this, we repeated our analysis, only considering the fifty patients who died in the ICU and the 24 actively discharged to a lower level of care. Albeit not quite statistically significant, with this narrower sample, original article we once again noted the slow, gradual decline in mortality rates between immediate and 5-h antibiotic administration, followed by a sharp rise beyond five hours.
We also noted the exceedingly high rates of comorbidity in our sample, including roughly 65% with cardiovascular disease and over 60% with diabetes, which is much higher than in some other studies; such co-morbidity could have biased our results. 11 Our study was restricted to patients admitted to ICU, hence the sample size was small. We could have enhanced our sample size by involving other departments of the hospital or converted it into a multicenter study. This could have modified the results, hence we recommend larger studies to reach a definitive consensus.
CONCLUSION
Among 96 septic shock patients, ages 16 through 101, admitted to an ICU in Saudi Arabia, we were unable to detect any increase in mortality with delayed administration of broad-spectrum antibiotics until beyond five hours delay after the antibiotic was ordered, after which the rate of death rose dramatically. Further prospective studies are clearly needed, using clearly-demarcated and consistentlydocumented time points like the time of antibiotic orders, to clarify the impact of time to antibiotic administration on survival and other outcomes in septic shock patients.
